Introduction
Both asthma and COPD are heterogeneous diseases. 1, 2 Participants with characteristics of both diseases are classified as having asthma-COPD overlap (ACO). [3] [4] [5] The 2018 Global Initiative for Asthma (GINA) describes ACO as being characterized by persistent airflow limitation with several features of asthma (ie, current or historical variability of airway limitation, personal and/or family history of asthma, allergies, and symptoms that are partially but significantly reduced by treatment) and COPD (ie, age of onset $40 years, associated with progression, chest X-ray with severe hyperinflation, additional COPD-like changes, and comorbidities that contribute to impairment).
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llanos et al care utilization in comparison to asthma or COPD alone. 1 It is acknowledged that ACO could consist of a number of separate clinical phenotypes; each characterized by different underlying mechanisms. 1, 7 For instance, participants could have a form of ACO that is more similar to asthma or COPD. 8 In recognition of this, the term asthma-COPD overlap syndrome is no longer used in major consensus reports. 1 There is currently a lack of evidence for the formulation of treatment guideline recommendations, such as GINA, for patients presenting with ACO. This is mainly due to clinical studies excluding participants meeting the description of ACO. 1, 7, 9 To increase the evidence base for ACO, several studies have aimed to characterize ACO using national health survey data, including the Medical Expenditure Panel Survey (MEPS) in the US, 10 the Danish National Patients Registry, 11 and the West Sweden Asthma Study. 12 While these studies have provided knowledge about the prevalence, patient characteristics, and health care utilization of ACO, they do not provide large datasets of clinical data for an in-depth characterization of ACO and its clinical differences and similarities to asthma and COPD.
The National Health and Nutrition Examination Survey (NHANES) is a nationally representative sample that captures data on self-reported illnesses and health status. 13 NHANES provides a yearly representative sample of the US population of approximately 5,000 people, combining data from interviews and physical examinations, and represents a unique dataset for an increased understanding of ACO as compared with asthma and COPD. 13 Using NHANES data, this study aimed to compare characteristics, including blood eosinophil counts, of participants with ACO to participants with asthma or COPD only.
Materials and methods study design
This was a US-based population, cross-sectional study (GSK ID: HO-16-17440) to evaluate individuals from 3 mutually exclusive cohorts: participants with asthma, COPD, and ACO. The study used deidentified data obtained from NHANES collected during 2 cycles: 2009-2010 and 2011-2012. The NHANES sub-datasets that were used for the study included the demographic, laboratory, physical examination, and questionnaire sub-datasets.
The NHANES database contains a nationally representative sample of the US population, using a four-stage probability sampling design to select its participants from the noninstitutionalized US population. 14, 15 The design consists of selecting primary sampling units (PSUs), dividing PSUs into segments, listing households within each segment, randomly drawing from the households, and, finally, randomly selecting individuals (within designated age-sex-race/ethnicity screening subdomains) from households. The NHANES data contained sample weights for each 2-year survey that considered oversampling and other potential issues, such as survey nonresponse, post-stratification, and sampling errors.
Information included in the database covers detailed demographic, socioeconomic, dietary, and health-related data including prescription drugs and laboratory measures, such as blood eosinophil counts. Participants with recent chest pain, problems with forceful expiration, the need for supplemental oxygen, recent heart attack, stroke, and tuberculosis exposure among others were excluded from the spirometry tests.
ethics approval and informed consent
The study did not involve primary data collection, nor did it require access to identifiable personal information. As such, the study was exempt from Institutional Review Board review. The data was obtained secondarily from previously conducted National Health and Nutrition Exami nation Surveys in the United States. Those surveys each had their own separate Institutional Review Board approval process and the surveys are referenced in the manuscript. All data were deidentified, and thus informed consent was not required.
Participants
The initial inclusion criteria for the analysis included participants $12 years of age with $1 eosinophil count recorded in the NHANES laboratory dataset. Three mutually exclusive groups were defined within the analysis population as follows: 1) asthma: participants $12 years of age that a) reported ever being told by a doctor or other health professional that they had or still have asthma or b) had an episode of asthma or an asthma attack during the past 12 months; 2) COPD: participants $40 years of age that a) had spirometry-defined COPD using the 2016 Global Initiative for Chronic Obstructive Lung Disease 16 clinical diagnosis standards, requiring participants to have a forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ratio ,0.70 after inhaling β2-adrenergic bronchodilator medication, b) reported ever being told they had emphysema, or c) reported ever being told they had chronic bronchitis (smoking history was not used to define COPD); and 3) ACO: participants $40 years of age who met the clinical criteria for both asthma and COPD (at least 1 characteristic from each definition). An age-matched subgroup of the asthma group was also selected to ensure any differences between groups could not be attributed to age differences; the median age was used in age-matching. More specifically, propensity scores were calculated using a multivariable logistic regression model, in which the probability of being in the ACO group was modeled using age. Estimated propensity scores were divided in intervals of 2% (ie, calipers) based on percentiles of the propensity score distribution. Per caliper of 2%, all participants in the ACO group were matched 1:1 to participants in the asthma group by random selection without replacement. Participants were excluded from COPD spirometry testing if they had current chest pain or a physical problem with forceful expiration, were taking supplemental oxygen, had recent surgery of the eye, chest, or the abdomen; had a recent heart attack, stroke, tuberculosis exposure, or had recently coughed up blood. In addition, participants with a personal history of detached retina or a collapsed lung were also excluded.
study cohort characteristics
The asthma, COPD, and ACO groups were compared according to demographic characteristics (including sex, age, and race); health status; disability/limitations; health care resource utilization (HCRU; including asthma exacerbations, doctor visits, hospital visits, or emergency room visits); clinical characteristics (comorbid conditions, respiratory health, questionnaire responses, and spirometry measures); and laboratory evaluations (peripheral blood eosinophil counts).
statistical analysis
Descriptive statistics included mean, standard deviation, and median values for continuous data, and frequencies and proportions for categorical data. Statistical comparisons between groups of interest used χ 2 tests for categorical variables and Student's t-tests for continuous variables. All statistics and comparisons were weighted to account for the NHANES complex survey design. All statistical tests were 2-sided and were conducted using Statistical Analysis System (SAS) software, version 9.3 or later (SAS Institute, Cary, NC, USA).
Results
study population and participant demographics
Data for 20,293 participants were collected. Of these, 13,089 participants were $12 years of age and had $1 blood eosinophil counts available. Within this population, 1,609 participants met the definition for asthma only, 479 for COPD only, and 299 for ACO ( Figure 1 ). Table 1 shows the proportion of patients who met the asthma and COPD criteria for ACO.
As expected, the mean age was significantly higher for the ACO vs the asthma group but similar to the COPD group. To enable comparisons across a standardized age, an asthma subgroup age-matched to the ACO group was also used and comprised 299 participants. The percentage of males in the ACO group was relatively similar to the asthma groups, but was significantly smaller vs the COPD group. Race composition differed between the ACO and the asthma groups, with the asthma group having fewer participants identified as White and more nonWhite races; however, it did not differ in the ACO group vs the asthma subgroup. Although body mass index (BMI) was clinically similar across the 3 groups, the slight increase in the ACO group was significant vs the asthma group but not significant vs the COPD group. The ACO group had a nonsignificant lower BMI vs the agematched asthma subgroup. The asthma and COPD groups had a mean BMI within the overweight range, whereas the ACO group and asthma subgroup were within the obese range. The asthma subgroup had fewer participants with Medicare coverage vs the ACO group; however, Medicare coverage in the ACO group was similar to the COPD group (Table 2) . The health status distributions between the ACO group vs the asthma and COPD groups were found to be significantly different; however, the differences between the ACO group and the asthma subgroup were not significant. More specifically, a greater proportion of the ACO group described their general health status as poor compared with the 2 asthma groups and the COPD group (Table 3) . The ACO group also reported more days of poor physical health within the last 30 days, compared with all the other groups. A similar pattern was observed for days of inactivity due to poor physical/mental health within the last 30 days.
Productivity was significantly lower in the ACO group than in any of the other groups (Table 3 ). In the ACO group, more participants reported limitations that kept them from working than participants with asthma (including the agematched subgroup) or COPD. Moreover, participants with ACO were more limited in the amount of work they could do vs participants with asthma and COPD. Activity limitations due to wheezing/whistling were reported by a significantly higher proportion of participants in the ACO group than the asthma group; there was no difference in activity limitations due to wheezing/whistling in the ACO group vs the asthma subgroup.
Overall, the number of times that participants with ACO received health care in the past year was significantly higher than participants from the asthma and COPD groups compared with the ACO group (Figure 2 ). Of note, this difference was not significant for participants with ACO vs the asthma subgroup. Overnight hospital stays were experienced by significantly more participants with ACO than participants with asthma, including the asthma subgroup, or COPD.
Clinical characteristics
Comorbid conditions, including diabetes, coronary heart disease, stroke, and kidney disease, were significantly more common in the ACO group compared with the asthma and COPD groups (Table 4 ). This was also the case for the asthma subgroup, with the exception of kidney disease. Hypertension was also more prevalent in the ACO group compared with all the other groups, although the difference was only significant for the asthma group.
A greater proportion of the ACO group reported chronic bronchitis compared with the COPD group. Respiratory symptoms (wheezing/whistling, cough, and phlegm) were significantly more frequent in the ACO group than other groups (Table 4) , with the exception of dry coughing at night, which although more frequent was not significantly different in the ACO group vs the asthma subgroup. Participants with ACO, on average, smoked significantly more cigarettes/day and had more pack-years than participants in the asthma group and in the asthma subgroup; however, there were no differences vs the COPD group. Of interest, mean airway reversibility was relatively similar across the 4 groups, 219 mL for ACO, 285 mL for the asthma group, 282 mL for the asthma subgroup, and 210 mL for the COPD group. The prebronchodilator percent predicted FEV 1 , a measure of airway obstruction, was lower in the ACO group than in the asthma group and asthma subgroup, but similar to the COPD group ( Figure 3 , Table 4 ). The prebronchodilator percent predicted FVC was lower in the ACO group than in all the other groups, although the difference was not significant vs the asthma subgroup.
Mean eosinophil counts did not differ significantly between the ACO and asthma groups, but were statistically significantly higher in the ACO group vs the COPD group and vs the asthma subgroup (Table 4) . Furthermore, a significantly greater proportion of participants in the ACO group had eosinophil counts $400 cells/µL compared with either the asthma (including the asthma subgroup) or COPD groups (Table 4) .
Discussion
Using data obtained from the NHANES survey collected between 2009 and 2012, this study found that participants with ACO had greater disease severity and burden, worse health status, more HCRU, lower lung function, and a higher proportion of comorbidities than participants with asthma or COPD. These results confirm those found in comparative studies from the US 10,17,18 and 2 Scandinavian studies.
11,12
While participants with ACO shared similarities with asthma and COPD, ACO did not appear to be more similar to 1 condition over the other. The results of the current study suggest that ACO represents an important subset of patients with chronic respiratory disease that is more severe than asthma or COPD alone. Previous studies have shown that patients with ACO have poorer health status and an increased disease burden in comparison with patients with asthma or COPD alone. 1, 7, 9 In this study, more participants with ACO than participants with asthma or COPD considered their health status poor, although the difference was not significant in the ACO group vs the asthma subgroup. Moreover, the ACO group had more HCRU and more overnight hospital stays in the prior year than the asthma or COPD groups; of note, there was no significant difference in the frequency of HCRU between the ACO group and the asthma subgroup. The COPD Gene Study and MEPS study also identified that patients with ACO had significantly worse health status, as measured by the St George's Respiratory Questionnaire and Short Form 12, Version 2 Health Survey, respectively, than those with asthma or COPD only. 10, 17 Furthermore, the MEPS study also demonstrated that disease burden, measured by patient need for respiratory health care, was significantly increased in ACO compared with asthma and COPD. 10 Although these studies used different measures to determine health status and disease burden than the current study, the similarity of the results between the 2 studies emphasizes the severity of ACO in comparison with asthma or COPD alone in the US population.
In this study, participants with ACO showed clinical characteristics of both asthma and COPD. In particular, participants with ACO experienced a number of symptoms common to COPD, including cough and phlegm and persistent airway limitation. 2 However, more participants with ACO had moderate-to-very severe lung function (postbronchodilator FEV 1 ,80% predicted; 52.1%) compared with participants with COPD (30.8%). The ACO group also presented common features of asthma including similar proportion of participants with asthma attacks, airway reversibility after use of bronchodilators, and wheezing. Similar mixed asthma and COPD clinical features were observed in the cross-sectional West Sweden Asthma Study. 12 These participants with ACO experienced signs of coughing, phlegm, and limited airflow along with signs of asthma, including recurrent and persistent wheezing. 12 Together, the data indicate that ACO shares some characteristics of both COPD and asthma, yet has other characteristics indicating a disease burden that is greater than that found in the individual diseases alone.
Studies indicate that ACO is associated with an increased prevalence of comorbidities in comparison with asthma and COPD. 19 Similar results were found in the current study; more participants with ACO had diabetes, coronary (ischemic) heart disease, stroke, and kidney disease than participants with asthma or COPD alone. The only exception was hypertension, which was similar between the ACO and COPD groups -affecting approximately 50% of participants. Previous studies have shown that hypertension is the most common comorbidity in COPD, occurring in more than half of patients 2, 20 and that prevalence rates of hypertension in ACO can reach 63%-66%. 19 This suggests that patients with ACO may share the same propensity to cardiovascular disease as COPD. 2 In contrast, only approximately 30% of the asthma group experienced hypertension. This may be due to age, as the younger participants in the asthma group (mean: 37 years) would be less likely to have age-associated comorbidities, such as hypertension, 21 that would be found in the ACO and COPD groups with older participants (mean: 60-61 years). Indeed, the proportion of older patients in the asthma subgroup (mean age: 60 years) with hypertension was similar to those found in the ACO and COPD groups.
Exacerbation rates are associated with blood eosinophil counts, rising with increasing blood eosinophil counts in both asthma and COPD. 22, 23 This suggests that eosinophils are involved with the underlying pathological processes of asthma, COPD, and ACO. 22, [24] [25] [26] In this study, the ACO group had similar mean eosinophil counts to the asthma and COPD groups and a significantly higher count vs the asthma subgroup (Table 4) . There was also a higher proportion of participants with blood eosinophil counts $400 cells/µL in the ACO group compared with all other groups (Table 4 ). This result suggests that eosinophils may underlie the increased frequency of severe exacerbations seen in ACO, at least in some individuals. 17 Further investigation of the role of eosinophils in ACO may allow for more targeted disease management and guideline recommendations, which are valuable given the current disease burden of these patients.
The limitations of the current study derive primarily from the limitations of NHANES. As this study was cross-sectional, it only provides information on the COPD and asthma populations at a specific point in time, in the year prior to the survey. In this analysis, the number of times that participants with ACO received health care in the past year was significantly higher than participants from both asthma groups and the COPD group. Therefore, participants with ACO would be more likely to have additional conditions (comorbidities) or be exposed to additional treatments, than those with asthma or COPD. Consequently, causality cannot be assessed; therefore, the findings of the study may only be interpreted as correlations. Additionally, most data points collected by the NHANES are based on self-reports from the study participants and may be biased. The accuracy of the self-reported data was not verified or verifiable through medical records or other sources. As a result, the definitions used to classify these 3 groups could have underestimated the true prevalence of these conditions. The diagnostic criteria present in the NHANES survey questions do not cover the full criteria listed in the GINA guidelines; therefore, limited diagnostic criteria for COPD and asthma were used to inform a diagnosis of ACO in this study. Currently, there is no standardized definition 
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asthma-COPD overlap in nhanes for ACO; diagnostic criteria for ACO is an evolving concept that is under debate. The identification of groups was based on self-reported answers to the NHANES survey questions. Furthermore, the severity of disease was not assessed. Nonetheless, the criterion chronic bronchitis was used as one of the defining features of COPD in this study as the GINA guidelines identified it as a feature that favors a diagnosis of typical COPD over typical asthma. Finally, as this analysis only described characteristics for participants with $1 blood eosinophil result, there is a potential for selection bias for participants with severe disease for any given diagnostic as they may have had a more complete laboratory workup. However, this could also apply for all three diagnostics, and only 18% of participants were excluded due to missing or inexistent laboratory data.
Conclusion
Using the NHANES datasets, this study shows that ACO shares characteristics of both asthma and COPD, but is associated with greater disease burden and severity, worse health status, more HCRU, lower lung function, and higher incidence of comorbidities than asthma or COPD alone. The increased blood eosinophil counts in the ACO group relative to the asthma and COPD groups warrant further investigation. These results suggest that ACO represents an important subgroup that requires early identification and intervention with tailored therapies.
